BSTRACT.
Wehave isolated CDNA clones from a mouse embryonic head CDNA library that encode one memberof the Eph/Eck family of receptor tyrosine kinases (RTKs), Ebk/MDKl. Among the 10 clones, two showed full-length type comprising extracellular, transmembrane and intracellular kinase domains. Two of t hem were modified just after the transmembrane domain and stop codon appeared before completing the kinase domain. This truncated form also had a deletion of five amino acids at the extracellular domain, indicating that it is a novel variant of Ebk/MDKl. RNase protection assay showed that this truncated deleted type, named Ebk-tdl, is present in the head of embryos, although the amount is less compared to that of the full-length type h aving a deletion of four amino acids. Considering the source and expression of Ebk/MDKl mRNAs, they may have an important role, accompanied with a possible regulatory role of the truncated variant, during neural development and/or in embryogenesis.
Receptor tyrosine kinases (RTKs) represent a large group of transmembrane proteins which influence a diverse array of cellular responses such as proliferation, differentiation and cell survival. Binding of ligand to the extracellular domain activates tyrosine kinase at the cytoplasmic domain. This starts the downstream activation of a number of common signaling molecules, leading to changes in gene expression and in the phenotypic s tate of the cell (10).
Eph/Eck family (16), the largest sub family of RTKs (30), has one Cys-rich region and two flbronectin type III repeats at extracellular domain. The expression of this family is higher at embryonic stages and becomes lower or restricted at adult stages. Some of them are expressed in tumors. Their expression pattern suggested that they may play certain roles during embryogenesis. Indeed, Sek is reported to be involved in segmentation of both the hindbrain and mesoderm (2, 35), Eck in hindbrain segmentation and limb development (1 1 , 26), Bsk in limbic system development (36), and Eph, Hek a nd Drt in tumorigenesis (4, 17, 23) .
Eph/Eck family has been recognized as orphan receptors. However, recently identified ligands for some members of the Eph/Eck family have revealed the biological significances of the receptors. Rec7 and its ligand AL-1 both are expressed in the nervous system, and can promote axon bundle formation when AL-1 exists as a membrane-bound form (34). A GPI-anchored protein, RAGS, a ligand for Eph/Eck family acts as a guide of retinal cell axons by mediating contact-repulsion of axons (9). Mek4 and its ligand ELF-1 (5) are expressed in retina and in tectum, respectively.
Binding of ELF-1 with Mek4 revealed that they play roles in retinotectum development and topographic mapping of retinotectal projection (6). These ligands are membraneanchored and are deployed with the spatial resolution that is necessary to encode positional information. The Eph/Eck family is very large, and may provide the diversity of signals necessary to mediate distinct and specific recognition events throughout the nervous system (29).
This paper deals with a novel apparent splice variant of Ebk/MDKl, a member of Eph/Eck family, which was cloned from a 12.5 day mouse embryonic head CDNA library.
It is a truncated variant with a deletion of five amino acids just before the transmembrane region, followed by a short intracellular domain. This truncated deleted form may play a regulatory role during the neural development of mouse embryogenesis. at 25°C for 1 hr, and protected fragments were analyzed on a 6% polyacrylamide gel containing 7 Murea, and then visualized by exposing it on an X-ray film. End-labeled //#eIII-digested 0x174 fragments were used as size markers.
RESULTS

Isolation
ofEbk CDNAand its variant forms. We used a PCR-based approach with degenerate oligonucleotide primers specific for the conserved motifs of RTKs to identify new members of RTK expressed in a developing nervous system. Two hundred clones obtained from the 12.5 day embryonic mouse head were picked up randomly, sequenced, and the sequences were retrieved against Genbank DNA data base. The results are summarized in Table 1 . Of these, clone 139 was found to be a novel one although its partial sequence was deposited by the name of Ebk (embryonic brain kinase). To isolate full-length type Ebk CDNA, we screened a 12.5 day mouse embryonic head CDNAlibrary using clone 139 insert (^200 bp) as aprobe. Upon screening of5 x 105 plaques, we identified two positive clones. The recombinant phage DNA was purified, subcloned into pBluescript, and then sequenced. As shown in Fig. 1 (Fig. 1) . Two of them spanned from initial Met to stop codon including poly(A)+ tail, and corresponded to the fulllength type Ebk. Two clones having initial Met showed a 5 amino acid deletion before the transmembrane domain (nt 1827-1842), and the stop codon appeared before completing the kinase domain. This form was named truncated deleted type, Ebk-tdl.
Two clones covered the initial Met and had a 4 amino acid deletion in the juxtamembrane region; this deleted form was named Ebk-d2 (Fig. 1) . The remaining two were partial clones.
The complete nucleotide and deduced amino acid sequences of full-length type Ebk are shown in Fig. 2 . PCR was performed using double-stranded CDNA obtained from 12.5 day mouse embryonic head poly(A)+ RNA, and degenerate primers. Two hundred clones were randomly selected, and sequenced. Four clones had no insert.
and sequencing strategies of Ebk and Ebk-tdl CDNA clones. Blank box, commoncoding region; striped box, commontransmembrane region; dotted box, modified nucleotide sequence specific for Ebk-tdl and MDK1T1 ; triangle, site of deletion; single line, noncoding region. MDK1A1 and Ebk-tdl had 5 amino acid deletion at the same site, but at different site from that of Ebk-d2/MDKlA2 (4 amino acid deletion). Nuk. The kinase region showed higher homology acttgcaggcagcaaacacggtgcgaacgaaccggaggggggagagagaaatcaaacagctaagcgtggagcagacggcctgggacccag 9 1 aaggggatcgatgcgaggagcgcaataataacaacaataataacccacttcggagcaaacagcatctaaagagctgcgacccaactgcag 1 8 1 cctaaaaaaatcaaacctgctcatgcaccatggttgttcaaactcggttcccttcgtggattattttgtgttacatctggctgcttggct
2 07 1 atcaactacagcagaataaatcaagatttttaagtcccattttcctttatacattctgcttattttgttgttatatgtttattttttaaa 2 1 6 1 ctctgatcttgattgaatgtgataccataagcacagttaggctgcagtgtaaatatataaagacattgttctgagagcagtacgatttca 2 2 5 1 tggaaagattgtttggtggctttgttaaaattaataaagaatttttaaggatatagtgtaattttcttcattgcattaatataaccaaat 2 34 1 atgcctacctatctttgtcttgaaccaaatgaatagatttggaatactttattgtaattgaatttgatataaagttgactgagcatttat 2 43 1 gtgttacctgcatgcttctgggtgcattgaaatattttaacttttaaaatgatactatgttgtttcaattttgactaccttttgtgaggc 2 52 1 atactggctacctcctcctattagctaagatcttccaaagccttataatgaaaagtttatataaaccatttctctttcaaatcactgtca 2 61 1 tacttggtcacggatcccaggaatattgtaaattttctaatttact Detection by RNase protection assay. To investigate the expression of mRNA corresponding to Ebktdl, a novel variant form of Ebk, we made an antisense RNA probe of 630 nt, in which 463 nt represent the sequence of Ebk-tdl (nt 1740-2202) (Fig. 4) . When total RNA from 12.5 day embryonic mouse heads was subjected to RNase protection assay, a protected band of 463 nt was detected, indicating the existence of mRNA corresponding to Ebk-tdl, whereas the amount of this variant form was less compared with that of MDK1A1 as shown by a protected band of 253 nt, which was fulllength type but had a deletion at the same position as Ebk-tdl (see Discussion and Fig.  1 ).
DISCUSSION
RTKs play an important role during development involving differentiation and proliferation. To find out new RTKs which may be involved in neural development, we applied PCR-cloning using degenerate primers which were based on conserved motifs of protein kinase domain. As shown in Table I , the profile of 200 randomly selected clones gave information on the distribution of kinases and their populations at embryonic stage of mouse head. Although PCR-based screening does not reflect the actual abundance, this may be, at present, the only way to estimate the population of mRNAs. This information may help future investigations on RTKs in embryonic brains. Eph/Eck emerged as the largest sub family of RTKs. The distinct structural feature of this sub family is that it has highly conserved Cys-rich region and two fibronectin type III repeats at the ligand binding extracellular domain. Some members of this sub family including Eph, Eck and Hek2 are expressed ubiquitously (3, 21, 22) whereas Bsk, Sekl and Nuk are expressed predominantly in the nervous system. Sekl, which was described as Tyrosine kinase domain is marked with ffffH. Cons shows consensus sequence where capital letters indicate identical residues found in all members shown, whereas lower case letters indicate the most frequently found residues in positions with biochemically conservative substitutions.
Initial alignment was performed using the DNASIS-Mac program (15).
embryonic neural origin (2), has a role on segmental patterning of hindbrain as shown by a dominant negative approach (35). Nuk is also expressed in rhombomeres r2, r3 and r5 like Sekl, in retinal ganglion cells, and participates in the segmental patterning of hindbrain and path finding of retinal axons (13, 14) .
Here, we reported three varieties of Ebk cDNAs. The full-length type (Ebk), the deleted full-length type (Ebk-d2), and the truncated and deleted type (Ebk-tdl). While this paper was in preparation, T. Ciossek et al. (8) reported RTKs which were similar to our clones. The reported sequence, named MDK1 (mouse developmental kinase 1), corresponded to our full-length type Ebk with some differences at the 3'-untranslated region as shown in Fig. 2 . MDK1A2, a deleted variant of MDK1 (4 amino acid deletion in juxtamembrane region), was similar to our deleted clone (Ebk-d2) (Fig.  1 ). MDK1T1, a truncated variety of MDK1, was similar to our clone, Ebk-tdl, but had no deletion before the transmembrane region (Fig.  1) . Thus, the Ebk-tdl reported here represents a novel isoform of Ebk/MDKl. RNase protection assay verified that Ebk-tdl was indeed expressed in embryonic mouse brain, while the expression level was less compared with that of MDK1A1, one variant of full-length type MDK1. The protected band corresponding to the full-length type Ebk (167 nt) was hardly detected under the experimental conditions used.
